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(57) ABSTRACT

This application relates to a memory device and a method
for manufacturing the same, including: a substrate on which
an insulation structure and a plurality of first active struc-
tures are formed 1s provided. The plurality of first active
structures are arranged at intervals in the msulation struc-
ture. A word line conductive layer 1s formed on the substrate
by a physical vapor deposition process. The word line
conductive layer 1s patterned and etched to obtain a plurality
of word line structures arranged 1n parallel and at intervals
and filling slots located between adjacent word line struc-
tures. The filling slots comprise first filling slots that expose
both parts of top surfaces of the first active structures and
parts of the top surface of the isulation structure. Second
active structures are formed in the first filling slots, and
1solation structures are formed 1n the first filling slots.

20 Claims, 14 Drawing Sheets

/' 5102

A substrate on which an insulation structure and a plurality of first
active structures are formed is provided, the plurality of first active
structures are arranged at intervals in the insulation structure

/—- 5104

A word line conductive layer is formed on the substrate by a
physical vapor deposition process, the top surface of the word line
conductive layer 1s higher than top surfaces of the st active
structures

/- 5106

The word line structures and filling slots located between the adjacent
word line structures are formed through etching, the filling slots
include first filling slots

/- $108

Second active structures that extend from exposed top surfaces of the
first active structures to the top surfaces of the word line structures
are formed in the first filling slot

/'5110

Isolation structures that extend from the exposed top surfaces of the
insulation structures to the top surfaces of the word line structures are
formed in the first filling slot
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/‘ S102

A substrate on which an insulation structure and a plurality of first
active structures are formed 1s provided, the plurality of first active
structures are arranged at intervals 1n the 1nsulation structure

S104

A word line conductive layer 1s formed on the substrate by a
physical vapor deposition process, the top surface of the word line
conductive layer 1s higher than top surfaces of the first active
structures

S106

The word line structures and filling slots located between the adjacent
word line structures are formed through etching, the filling slots
include first filling slots

S108
v [

Second actuve structures that extend from exposed top surfaces of the
first active structures to the top surfaces of the word line structures
are formed 1n the first f1lling slot

S110
. [

Isolation structures that extend from the exposed top surfaces of the
1nsulation structures to the top surfaces of the word line structures are
formed 1n the first filling slot

FIG. 1
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5202

The substrate, on which the insulation layer 1s formed, 1s provided

5204

The 1nsulation layer 1s patterned and etched to obtain the
insulation structure and a plurality of active trenches arranged at
intervals 1n the isulation structure

S206

The active trenches are filled, to form the first active structures, of
which the top surtfaces are higher than that of the insulation
structure

FIG. 2
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: 5302

The first inter-gate insulation layer 1s formed on the substrate

| /- 5304

The first conductive layer 1s formed on the top surface of the
first inter-gate insulation layer

5306
v [

The second conductive layer 1s formed on the top surface of
the first conductive layer

FIG. 6
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FIG. 7A
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MEMORY DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of International Appli-
cation No. PCT/CN2021/103683, filed on Jun. 30, 2021,
which claims priority to Chinese patent application No.
202110209896.4, filed to the China National Intellectual
Property Administration on Feb. 25, 2021 and enfitled
“Memory Device and Method for Manufacturing the same”.
The disclosures of International Application No. PCT/
CN2021/103683 and Chinese patent application No.
202110209896.4 are hereby incorporated by reference in
their entireties.

TECHNICAL FIELD

This application relates to the technical field of semicon-
ductors, and 1n particular to a memory device and a method
for manufacturing the same.

BACKGROUND

In a traditional technology for manufacturing a memory
device, steps for forming a word line structure includes the
following operations: in the first step, a Word Line (WL)
trench 1s etched after an Active Area (AA) and a Slot Trench
Isolation (STT) are formed on a substrate; in the second step,
alter a metal tungsten film 1s formed on the substrate through
a Chemical Vapor Deposition (CVD) process to {ill the WL
trench, the excess metal tungsten film 1s removed by per-
forming an etching process, to obtain a word line structure
composed of the remaining metal tungsten film. However,
the word line structure obtained through the method has the
problem of poor conductive performance, which affects the
performance of the memory device.

SUMMARY

Based on this, for the problem of poor conductive per-
formance, which affects the performance of the memory
device, 1t 1s necessary to provide a memory device and a
method for manufacturing the same.

A method for manufacturing a memory device includes
the following operations.

A substrate on which an insulation structure and a plu-
rality of first active structures are formed 1s provided, the
plurality of first active structures are arranged at intervals in
the 1nsulation structure.

A word line conductive layer 1s formed on the substrate by
a physical vapor deposition process, a top surface of the
word line conductive layer 1s higher than top surfaces of the
first active structures.

The word line conductive layer 1s patterned and etched to
obtain a plurality of word line structures arranged 1n parallel
and at intervals and filling slots located between adjacent
word line structures, the filling slots include first filling slots
that expose both parts of the top surfaces of the first active
structures and parts of the top surface of the insolation
structure.

Second active structures that extend from exposed top
surfaces of the first active structures to the top surfaces of the
word line structures are formed 1n the first filling slots.
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2

Isolation structures that extend from exposed top surface
of the msulation structure to the top surfaces of the word line
structures are formed in the first filling slots.

A memory device 1s manufactured through any one of the
above methods.

BRIEF DESCRIPTION OF THE DRAWINGS

To better clarity the technical solution of the embodiments
of this application or the traditional technology, the drawings
required to illustrate the embodiments or the traditional
technology will be simply described blow. It 1s apparent that
the drawings described below merely 1llustrate some
embodiments of this application. Those ordinarily skilled 1n
the art can obtain other drawings without creative labor on
the basis of those drawings.

FIG. 1 1s a flow schematic diagram of a method for
manufacturing a memory device according to one embodi-
ment.

FIG. 2 1s a flow schematic diagram of S102 according to
one embodiment.

FIG. 3 15 a schematic diagram of a top view of a memory
device after S204 according to one embodiment.

FIG. 4a 1s a sectional schematic diagram of a memory
device as shown in FIG. 3 along an AA' direction.

FIG. 45 1s a sectional schematic diagram of a memory
device as shown in FIG. 3 along a BB' direction.

FIG. 3a 1s a sectional schematic diagram of a memory
device along an AA' direction after a first active structure 1s
formed, according to one embodiment.

FIG. 56 1s a sectional schematic diagram of a memory
device corresponding to FIG. 3a along a BB' direction.

FIG. 6 1s a flow schematic diagram for forming a word
line conductive layer on a substrate according to one
embodiment.

FIG. 7a 1s a sectional schematic diagram of a memory
device along an AA' direction after a word line conductive
layer 1s formed, according to one embodiment.

FIG. 7b 1s a sectional schematic diagram of a memory
device corresponding to FIG. 7a along a BB' direction.

FIG. 8a 1s a sectional schematic diagram of a memory
device along an AA' direction after a word line structure 1s
formed, according to one embodiment.

FIG. 86 1s a sectional schematic diagram of a memory
device corresponding to FIG. 8a along a BB' direction.

FIG. 9a 1s a sectional schematic diagram of a memory
device along an AA' direction after an 1solation structure 1s
formed, according to one embodiment.

FIG. 95 1s a sectional schematic diagram of a memory
device corresponding to FIG. 9a along a BB' direction.

DESCRIPTION OF REFERENCE SIGNS

102: Substrate; 202: Insulation structure; 204: Active
trench; 206: First active structure; 304: Second conductive
layer; 402: First inter-gate isulation layer; 404: First con-
ductive layer; 502: Second conductive structure; 504: Sec-
ond filling slot; 506: First filling slot; 508: Top surface of the
first active structure; 310: Top surface of the insulation
structure; 312: Top surface of the first active structure; 602:
First inter-gate insulation structure; 604: First conductive
structure; 606: Second inter-gate insulation structure; 608:
Third conductive structure; 610: Second active structure;
612: Third active structure, 614: Isolation structure.

DETAILED DESCRIPTION

In order to facilitate the understanding of this application,
this application will be described more comprehensively
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below with reference to the related drawings. The preferred
embodiment of the application 1s shown 1n the accompany-
ing drawings. However, this application can be implemented
in many different forms and 1s not limited to the embodi-
ments described herein. On the contrary, the purpose of
providing these embodiments 1s to make the disclosure of

this application more thorough and comprehensive.
Unless otherwise defined, all technical and scientific

terms used herein have the same meamngs as commonly
understood by those skilled 1in the technical field of this

application. Herein, terms used in the description of this
application are only for the purpose of describing specific
embodiments and not intended to limat this application.

It should be understood that when an element or layer 1s

referred to as “on”, “‘adjacent to”, “‘connected to”, or

“coupled to” other elements or layers, 1t may be directly on,
adjacent to, connected to or coupled to the other elements or
layers, or intervening elements or layers may be present. On
the contrary, when an element 1s referred to as being
“directly on”, “directly adjacent to” or “directly connected
to” or “directly coupled to” other elements or layers, there
1s no mtermediate element or layer. It should be understood
that, although various elements, components, regions, lay-
ers, doping types and/or parts may be described with terms
first, second, third, etc., these elements, components,
regions, layers, doping types and/or parts should not be
limited by these terms. These terms are used only to distin-
guish one element, component, region, layer, doped layer or
part from another element, component, region, layer, doping
type or part. Therefore, a first element, component, region,
layer, doping type or part discussed below may be repre-
sented as a second element, component, region, layer or part
without departing from the teachungs of the present appli-
cation. For example, a first doping type may become a
second doping type, and similarly a second doping type may
become a first doping type. The first doping type and the
second doping type are diflerent doping types. For example,
the first doping type may be type-P and the second doping
type may be type-N, or the first doping type may be type-N
and the second doping type may be type-P.

Spatially relational terms such as “below”, “under”,
“lower”, “beneath”, “above”, and “upper” may be used
herein to describe a relationship between one element or
feature and another element or feature illustrated in the
figures. It should be understood that, in addition to the
orientation shown 1n the figures, the spatially relational
terms further include different orientations of devices 1n use
and operation. For example, 1f the devices in the figures are
turned over, elements or features described as being “under”
or “beneath” or “below” other elements or features will be
oriented to be “on” the other elements or features. Therefore,
the exemplary terms “under” and “below” may include both
upper and lower orientations. The device may be otherwise
oriented (rotated by 90 degrees or in other orientations) and
the spatial descriptors used herein may be interpreted
accordingly.

As used herein, singular forms “a/an”, “one”, and “the”
may also include the plural forms, unless otherwise specified
in the context. It should be also understood that, when terms
“composed of” and/or “including” are used 1n this descrip-
tion, the presence of the features, integers, steps, operations,
clements, and/or components 1s determined, but the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups 1s also
possible. As used herein, term “and/or” includes any and all
combinations of the related listed items.
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Embodiments of this application are described with ret-
erence to a section diagram of a schematic diagram of a 1deal
embodiment (and a middle structure) of this application, so
that changes i1n the shape shown due to, for example,
manufacturing technology and/or tolerances can be
expected. Therefore, the embodiments of this application
should not be limited to a specific shape of a region herein,
but imnclude a shape deviation caused by the manufacturing
technology. For example, an injection region shown as a
rectangle usually has a circular or bending feature and/or an
injection concentration gradient at an edge of the 1njection
region 1nstead of a binary change from the injection region
to a non-injection region. Similarly, the buried region
formed by the implantation can result 1n some implantation
in the region between the buried region and the surface
through which the implantation proceeds. Therefore, the
regions shown 1n the figures are essentially schematic, their
shapes do not represent actual shapes of the regions of
device, and do not limit the scope of this application.

In a typical process for manufacturing a memory device,
a word line trench 1s etched after an active area and an
1solation structure are formed. After a tungsten metal film 1s
formed through CVD, Rapid Thermal Annealing (RTA) 1s
performed. After the tungsten metal film 1s patterned and
etched, a word line structure composed of the remaining
tungsten metal film 1n the word line trench 1s obtained. At
this time, a halogen element existing in the word line
structure may aflect the conductivity of the word line
structure, thereby aflecting the performance of the memory
device.

Referring to FIG. 1, FIG. 1 1s a flow schematic diagram
of a method for manufacturing a memory device according
to one embodiment.

In order to solve the abovementioned problem, the present
application provides a method for manufacturing a memory
device. As shown in FIG. 1, the method includes the
following operations.

At 5102, a substrate 1s provided, an insulation structure
and a plurality of first active structures are formed on the
substrate, and the plurality of first active structures are
arranged at intervals 1n the insulation structure.

The substrate 1s provided, the 1nsulation structure and the
plurality of first active structures are formed on the substrate,
and the plurality of first active structures are arranged at
intervals in the nsulation structure. It should be understood
that the first active structures are silicon active structures and
the 1nsulation structure 1s silicon dioxide structure.

The substrate may be formed of un-doped monocrystal-
line silicone, monocrystalline silicone doped with 1mpuri-
ties, Silicon On Insulator (SOI), Superimposed Silicon On
Insulator (SSOI), Superimposed Silicon Germanium On
Insulator (S-S1GeOl), Silicon Germanium On Insulator (Si1-
GeOl) and Germanium On Insulator (GeOl), etc. For
example, 1n this embodiment, the material for composing the
substrate 1s the monocrystalline silicone.

At S104, a word line conductive layer 1s formed on the
substrate by a physical vapor deposition process. The top
surface of the word line conductive layer 1s higher than the
top surfaces of the first active structures.

The word line conductive layer 1s formed on the substrate
by the physical vapor deposition process. The word line
conductive layer covers the first active structures and the
insulation structure, and the top surface of the word line
conductive layer i1s higher than the top surfaces of the first
active structures and the top surface of the insulation struc-
ture. Compared with the chemical vapor deposition, the
influence of the halogen element 1n the process gas on the
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conductive performance of the word line conductive layer
may be avoided during a process of forming the word line
conductive layer.

At S106, the word line structures and filling slots located
between the adjacent word line structures are formed
through etching, and the filling slots include first filling slots.

The word line conductive layer 1s patterned and etched to
obtain a plurality of word line structures arranged 1n parallel
and at intervals and the filling slots located between the
adjacent word line structures. The filling slots 1include the
first filling slots that expose both parts of top surfaces of the
first active structures and parts of top surfaces of the
insulation structures. Namely, after mask patterns are
formed on the word line conductive layer through a photo-
etching process, a part of the word line conductive layer
(excess word line conductive layer) which 1s not covered by
the mask patterns 1s etched and removed by an etching
process, to obtain the plurality of word line structures which
are arranged 1n parallel and at intervals and the filling slots
located between the adjacent word line structures, the plu-
rality of word line structures are composed of a part of the
word line conductive layer which 1s covered by the mask
patterns (remaining word line conductive layers). The filling
slots 1nclude the first filling slots, each first filling slot 1s
formed between a word line structure on the first active
structure and a word line structure on the insulation structure
and exposes a part of a top surface of a first active structure,
a part ol the top surface of the insulation structure and a
junction of the first active structure and the insulation
structure at the same time.

At S108, second active structures that extend from the
exposed top surfaces of the first active structures to the top
surtaces of the word line structures are formed 1n the first
filling slots.

The second active structures that extend from the exposed
top surfaces of the first active structures to the top surfaces
of the word line structures are formed 1n the first filling slot
That 1s, the second active structures are formed 1n the first
filling slots, the bottom of each second active structure is
coincided with a top surface, that 1s exposed 1n a first filling
slot, of a first active structure and the second active structure
contacts with the first active structure as the active area of
the memory device.

At S110, 1solation structures that extend from the exposed
top surface of the mnsulation structure to the top surfaces of
the word line structures are formed 1n the first filling slots.

The 1solation structures that extend from the exposed top
surface of the mnsulation structure to the top surfaces of the
word line structures are formed 1n the first filling slots. That
1s, an 1solation structure 1s formed by filling a part of a first
filling slot 1n which no second active structure 1s formed, the
bottom of the 1solation structure 1s coincided with the top
surface, that 1s exposed in the first filling slot, of the
insulation structure.

According to the method for manufacturing the memory
device, firstly, a word line conductive layer 1s formed on the
substrate through a physical vapor deposition process, a top
surface of the word line conductive layer 1s higher than top
surtaces of the first active structures formed on the substrate.
Secondly, a plurality of word line structures arranged 1in
parallel and at intervals and the filling slots located between
the adjacent word line structures are obtained by patterming,
and etching the word line conductive layer, the filling slots
include first filling slots that expose both parts of top
surfaces of the first active structures and parts of the top
surface of the insulation structure. And then, second active
structures that extend from the exposed top surfaces of the
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first active structures to the top surfaces of the word line
structures are formed 1n the first filling slots, and 1solation
structures that extend from the exposed top surface of the
insulation structure to the top surfaces of the word line
structures are formed 1n the first filling slots. Compared with
a manner that the active area including the first active
structures and the second active structures and the 1solation
structure are firstly formed, and then the word line structures
are formed through slotting and filling, the word line struc-
tures 1n the memory device of the present application are
formed 1n a manner that the excess word line conductive
layer 1s removed through etching after the word line con-
ductive layer 1s formed through the physical vapor deposi-
tion process, the halogen elements and the cavities do not
exist in the word line structures, so the conductive perfor-
mance of the word line structure and the performance of the
memory device may be improved.

In one embodiment, the bottom surface of the word line
conductive layer 1s flush with the top surfaces of the first
active structures. In another embodiment, the bottom surface
of the word line conductive layer 1s higher than the top
surfaces of the first active structures.

Referring to FIG. 2, FIG. 2 1s a flow schematic diagram
of S102 according to one embodiment. Referring to FIG. 3,
FIG. 3 1s a schematic diagram of a top view of a memory
device after S204 according to one embodiment. Referring
to FIG. 4a, FIG. 4a 1s a sectional schematic diagram of a
memory device as shown 1n FIG. 3 along an AA' direction.
Referring to FIG. 4b, FIG. 4b 1s a sectional schematic
diagram of a memory device as shown 1n FIG. 3 along a BB'
direction. Referring to FIG. 5a, FIG. 5a 1s a sectional
schematic diagram of a memory device along an AA
direction after the first active structure 1s formed according
to one embodiment. Referring to FIG. 3b, FIG. 3b 1s a
sectional schematic diagram of a memory device corre-
sponding to FIG. 5q along a BB' direction.

As shown 1n FIG. 2 to FIG. 556, 1n one embodiment, the
bottom surface, which 1s located at the top surface of the
insulation structure, of the word line conductive layer is
lower than the top surfaces of the first active structures.
Operation S102 includes the following operations.

At S202, the substrate, on which the insulation layer 1s
formed, 1s provided.

At S204, the mnsulation layer i1s patterned and etched to
obtain the insulation structure and a plurality of active
trenches arranged at intervals in the msulation structure.

The excess insulation layer on the substrate 102 1s
removed through patterning and etching so as to obtain the
insulation structure 202 and the plurality of active trenches
204 arranged at intervals in the insulation structure.

As shown 1n FIG. 4a and FIG. 45, specifically, the mask
patterns that cover a part of the insulation layer to be
reserved are firstly formed on the substrate 102. That 1s, the
mask patterns expose a part of the insulation layer where the
first active structures are subsequently formed. And then, a
part of the nsulation layer that 1s not covered by the mask
pattern 1s removed through etching, so as to obtain the
insulation structure 202 composed of the remaining 1nsula-
tion layer and the plurality of active trenches 204 arranged
at intervals 1n the 1nsulation structure 202.

In one embodiment, the insulation layer with a certain
thickness 1s provided between the bottom of the active
trench 204 and the upper surface of the substrate 102.

At S206, the active trenches are filled, to form the first
active structures of which the top surfaces are higher than
the top surface of the insulation structure.
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An active trench 204 1s filled to form a first active
structure 206 of which the top surface 1s higher than the top
surface ol a insulation structure 202. Specifically, the first
active structure 206 1s formed by filling the active trench
204, the top surface of the first active structure 206 are
higher than the top surface of the insulation structure 202.

In another embodiment, the top surfaces of the first active
structures are flush with the top surface of the insulation
structure 202, or the top surfaces of the first active structures
206 are lower than the top surface of the insulation structure
202.

As shown 1n FIG. 4q, FI1G. 45, FIG. 5a and FIG. 554, 1n an
embodiment, the operation that the active trenches 204
which expose the upper surface of the substrate 102 are filled
to form the first active structures 206 of which the top
surfaces are higher than the msulation structure 202 includes
the following operation.

The first active structures 206 are formed in the active
trenches 204 by an epitaxial process. The first active struc-
tures 206 are silicon epitaxial structures, and the first active
structures 206 formed through the epitaxial process are
monocrystalline silicon structures, so that the problem of
unmatched lattice between the first active structures 206 and
the substrate 102 1s avoided.

In one embodiment, the first active structures may be
formed by another manner for forming the silicon active
structure which 1s well-known by those skilled 1n the art.

Referring to FIG. 6, FIG. 6 15 flow schematic diagram for
forming a word line conductive layer on a substrate accord-
ing to one embodiment. Referring to FIG. 7a, FIG. 7a 1s a
sectional schematic diagram of a memory device along an
AA' direction after a word line conductive layer 1s formed
according to one embodiment. Referring to FI1G. 75, FIG. 75
1s sectional schematic diagram of a memory device corre-
sponding to FIG. 7a along a BB' direction.

As shown in FIG. 6, FIG. 7a and FIG. 74, 1n one
embodiment, the operation of forming the word line con-
ductive layer on the substrate 102 includes the following
operations.

At S302, the first inter-gate nsulation layer 1s formed on
the substrate.

The first inter-gate 1nsulation layer 402 1s formed on the
substrate 102, and the first inter-gate insulation layer 402
covers the top surfaces of the first active structures 206 and
the top surface of the insulation structure 202. Specifically,
as shown in FIG. 7a and FIG. 7b, the first inter-gate
insulation layer 402 1s formed on the upper surfaces of the
first active structures 206, and the first inter-gate msulation
layer 402 extends along the top surfaces of the first active
structures 206 and covers the top surface of the insulation
structure 202. In this embodiment, the first inter-gate insu-
lation layer 402 at least includes any one of silicon dioxide
film and high-k gate dielectric film, and the first inter-gate
insulation layer 402 may be formed through an atomic layer
deposition process or another process.

At S304, the first conductive layer 1s formed on the top
surface of the first inter-gate insulation layer.

The first conductive layer 404, such as a Titanium/
Titanium Nitride ('11/T1N) metal layer, 1s formed on the top
surface of the first inter-gate insulation layer 402.

At 8306, the second conductive layer 1s formed on the top
surface of the first conductive layer.

The second conductive layer 304 1s formed on the top
surface of the first conductive layer 404, and the word line
conductive layer 1s composed of the first inter-gate nsula-
tion layer 402, the first conductive layer 404 and the second
conductive layer 304.
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In one embodiment, the second conductive layer 304
includes a tungsten conductive layer. When the first inter-
gate msulation layer 402 1s a silicon dioxide layer, the first
conductive layer 404 1s a titanium nitride metal layer and the
second conductive layer 304 i1s the tungsten conductive
layer, the operation of forming the second conductive layer
304 on the first conductive layer 404 includes the following
operations: the tungsten conductive layer 1s formed on the
upper surface of the titanium nitride metal layer, at this time,
the titanium nitride metal layer 1s used as an adhesive layer.
In this embodiment, the lower surface of the second con-
ductive layer 304 1s lower than the upper surface of the first
active structure 206.

In one embodiment, operation S306 includes the follow-
ing operations: 1n a first step, the second conductive layer
maternial 1s formed on the first conductive layer 404; in a
second step, the second conductive layer material 1s flat-
tened to obtain the second conductive layer 304. For
example, the second conductive layer material 1s flattened
by a chemical polishing process, to obtain the second
conductive layer 304 composed of the remaining second
conductive layer matenal.

Referring to FIG. 8a, FIG. 8a 1s a sectional schematic
diagram of a memory device along an AA' direction after
word line structures are formed according to one embodi-
ment. Referring to FIG. 85, FIG. 8b 1s a sectional schematic
diagram of a memory device corresponding to FIG. 8a along
a BB' direction.

As shown 1n FIG. 8a and FIG. 854, 1n one embodiment, the
operation of patterning and etching the word line conductive
layer to obtain the plurality of word line structures arranged
in parallel and at intervals includes the following operation.

The second conductive layer 304, the first conductive
layer 404 and the first inter-gate insulation layer 402 are
patterned and etched, to obtain the word line structures each
including a second conductive structure 502, a first conduc-
tive structure 604 and a first inter-gate nsulation structure
602 that are successively superposed.

Specifically, the word line mask patterns are formed on
the substrate 102. The word line mask patterns cover a part
of the second conductive layer 304 that 1s needed to be
reserved and expose a part of the second conductive layer
304 that 1s needed to be removed. the second conductive
layer 304 as well as the first conductive layer 404 and the
first inter-gate msulation layer 402 below the second con-
ductive layer 304 exposed by the word line mask patterns are
removed through etching, to obtain the word line structures
cach including the second conductive structure 502 (the
remaining second conductive layer 304), the first conductive
structure 604 (the remaining first conductive layer 404) and
the first inter-gate insulation structure 602 (the remaiming,
first inter-gate insulation layer 402) that are successively
superposed.

In one embodiment, the second conductive structure 502
includes a tungsten conductive structure, the first conductive
structure 604 includes a titanium nitride structure, and the
first inter-gate insulation structure 602 includes a silicon
oxide structure.

In one embodiment, after the word line structures each
including the second conductive structure 3502, the first
conductive structure 604 and the first inter-gate isulation
structure 602 that are successively superposed are obtained,
the following operations are also included.

A third conductive structure 608 and a second inter-gate
insulation structure 606 are successively formed on the side
walls of each word line structure. Herein, both the extending
direction of the third conductive structure 608 and the
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extending direction of the second inter-gate insulation struc-
ture 606 are the same as that of the word line structure, both
the height of the third conductive structure 608 and the
height of the second inter-gate insulation structure 606 are
equal to the distance between the bottom surface of the word
line structure to the top surface of the word line structure,
and a gate word line of the memory device includes the word
line structure, the third conductive structure 608 and the
second 1nter-gate msulation structure 606. The third con-
ductive structure 608 and the second inter-gate insulation
structure 606 are successively superposed from the word
line structure toward the filling slot, namely, the distance
between the second 1nter-gate msulation structure 606 to the
word line structure 1s greater than the distance between the
third conductive structure 608 to the word line structure.

Specifically, the operation of successively forming the
third conductive structure 608 and the second inter-gate
insulation structure 606 on the side walls of the word line
structures includes the following operations: 1n the first step,
the third conductive structure 608 1s formed at the sides of
the word line structure (i.e., the side walls of the filling slots
at the two sides of the word line structure). Herein, the
extending direction of the third conductive structure 608 is
the same as that of the word line structure, and the height of
the third conductive structure 608 (the distance between the
bottom surface, closing to the substrate 102, of the third
conductive structure 608 and the top surface away from the
substrate 102, of third conductive structure 608, namely, the
distance between the bottom wall of the filling slot and the
opening of the filling slot) 1s equal to the distance between
the bottom surface of the word line structure and the top
surface of the word line structure, 1n the second step, the
second inter-gate insulation structure 606 1s formed at the
side of the third conductive structure 608. Herein, the
extending direction of the second inter-gate isulation struc-
ture 606 1s the same as that of the word line structure, and
the height of the second inter-gate insulation structure 606
(the distance between the bottom surface, closing to the
substrate 102, of the second inter-gate insulation structure
606 and the top surface, away from the substrate 102, of the
second 1nter-gate insulation structure 606, namely, the dis-
tance between the bottom wall of the filling slot and the
opening of the filling slot) 1s equal to the distance between
the bottom surface of the word line structures and the top
surtace of the word line structure.

In one embodiment, the first inter-gate msulation structure
602 and the second inter-gate insulation structure 606 are
composed of a same maternial, such as, the silicon dioxide
gate dielectric layer or the high-k gate dielectric film. The
first conductive structure 604 and the third conductive
structure 608 are composed of a same material, such as, the
titanium nitride metal structure.

In one embodiment, the third conductive structure 608
includes the titanium nitride structure, the second inter-gate
insulation structure 606 includes the silicon oxide structure,
the word line structures include embedding word line struc-
tures, both the top surface of the second active structure and
the top surface of the 1solation structure are higher the those
of the word line structures.

In one embodiment, the first inter-gate msulation structure
602 and the second inter-gate insulation structure 606
together form a gate dielectric structure of the memory
device.

Referring to FIG. 9a, FIG. 9a 1s sectional schematic
diagram of a memory device along an AA' direction after the
1solation structure 1s formed according to one embodiment.
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Retferring to FIG. 9b, FIG. 9a 1s a sectional schematic
diagram of a memory device corresponding to FIG. 9a along
a BB' direction.

As shown 1in FIG. 8a, FIG. 94 and FIG. 954, 1n one
embodiment, the filling slots further include second filling
slots 504 exposing parts of the top surfaces of the first active
structures 206.

While the second active structures 610 that extend from
the exposed top surface 508 of the first active structures 206
to the top surfaces of the word line structures are formed in
the first filling slot 506, the following operations are further
included.

A third active structures 612 that extend from the exposed
top surfaces 512 of the first active structures 206 to the top
surfaces of the word line structures are formed 1n the second
filling slots 504.

Herein, the first active structures 206, the second active
structures 610 and the third active structures 612 together
form the active areas of the memory device.

In one embodiment, the top surfaces of the second active
structures 610 are flush with that of the third active struc-
tures 612.

In one embodiment, the top surfaces of the second active
structures 610, the top surfaces of the third active structures
612 and the top surfaces of the word line structures are flush
with each other.

Specifically, as shown 1n FIG. 9a, a first active structure
206, a second active structure 610 and a third active struc-
ture 612 are a whole silicon active structure. A source
structure of a transistor 1 the memory device i1s subse-
quently formed 1n a second active structure 610, and a drain
structure of the transistor in the memory device 1s formed 1n
a third active structure 612. The memory device includes a
transistor with a double word line structure and a common
drain structure.

In one embodiment, the third active structures 612 and the
second active structures 610 are formed 1n a same process.

In one embodiment, the operation of forming the third
active structures 612 that extend from the exposed top
surfaces of the first active structures 206 to the top surfaces
of the word line structures in the second filling slots 504
includes the following operation.

The third active structures 612 that extend from the
exposed top surfaces of the first active structures 206 to the
top surfaces of the word line structures are formed in the
second filling slots 504 by the epitaxial process.

In one embodiment, the second active structures 610 at
the two sides of a word line structure are respectively used
to form the source structure and the drain structure of the
transistor in the memory device.

In one embodiment, the operation of forming the second
active structures 610 that extends from the exposed top
surfaces of the first active structures 206 to the top surfaces
of the word line structures in the first filling slots 506
includes the following operation.

The second active structures 610 that extend from the
exposed top surfaces of the first active structures 206 to the
top surfaces of the word line structures are formed in the first
filling slots 506 by the epitaxial process.

In one embodiment, the first active structures 206 and the
second active structures 610 together form the active areas
of the memory device. In operation S101, the insulation
structures 614 that extend from the exposed top surface 510
of the msulation structure 202 to the top surfaces of the word
line structures are formed 1n the first filling slots 506. The
insulation structures 614 and the insulation structure 202
together form a Slot Trench Isolation structure.
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This application turther provides a memory component,
which 1s manufactured through any one of the abovemen-
tioned methods.

This application further provides a memory device, which
includes the abovementioned memory component. 5
According to the method for manufacturing the memory

device, firstly, a word line conductive layer 1s formed on the
substrate through a physical vapor deposition process, and a
top surface of the word line conductive layer i1s higher than
top surfaces of first active structures formed on the substrate. 10
Secondly, the word line conductive layer 1s patterned and
ctched to obtain a plurality of word line structures arranged
in parallel and at intervals and the filling slots located
between adjacent word line structures, and the filling slots
include first filling slots that expose both parts of top 15
surfaces of the first active structures and parts of the top
surface of the insulation structure. And then, second active
structures that extend from exposed top surfaces of the first
active structures to the top surfaces of the word line struc-
tures are formed in the first filling slots, and 1solation 20
structures that extend from exposed top surface of the
insulation structure to the top surfaces of the word line
structures are formed in the first filling slots. Compared with
a manner that the active area including the first active
structures and the second active structure and the i1solation 25
structure are firstly formed, and then the word line structures
are formed through slotting and filling, the word line struc-
tures 1n the memory device according to the present appli-
cation are formed in a manner that the excess word line
conductive layer 1s removed through etching after the word 30
line conductive layer 1s formed through the physical vapor
deposition process. Halogen elements and cavities do not
exist 1n the word line structures, so that the conductive
performance of the word line structures and the performance
of the memory device are improved. 35

It should be understood that, although various steps in the
flowcharts of FIG. 1, FIG. 2 and FIG. 6 are successively
displayed according to the indication of an arrow, those steps
are not necessarilly implemented according to the order
indicated by the arrow. Unless otherwise specified herein, 40
the implementation of those steps 1s not strictly limited by
the order, and those steps may be implemented in other
orders. Moreover, at least partial steps of FIG. 1, FIG. 2 and
FIG. 6 may 1nclude a plurality of sub-steps or a plurality of
stages, these sub-steps or stages are not necessarily imple- 45
mented or completed at the same time, and may be 1mple-
mented at different times. The implementation order of these
sub-steps or stages are not necessarily performed succes-
sively, but implemented in turns or alternately with other
steps or the sub-steps or stages ol other steps. 50

Each technical feature of the abovementioned embodi-
ments may be combined freely. For simplicity of descrip-
tion, not all possible combinations of each technical solution
in the abovementioned embodiments are described. How-
ever, any combination of these technical features shall fall 55
within the scope recorded 1n the specification without con-
flicting.

The abovementioned embodiments only express some
implementation modes of the disclosure and are specifically
described 1n detail and not thus understood as limits to the 60
patent scope of the disclosure. It 1s to be pointed out that
those of ordinary skill in the art may further make a plurality
of transformations and improvements without departing
from the concept of the disclosure and all of these falls
within the protection scope of the disclosure. Therefore, the 65
protection scope of this application should be limited 1n the
appended claims.
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The mnvention claimed 1s:

1. A method for manufacturing a memory device, com-
prising:

providing a substrate on which an insulation structure and

a plurality of first active structures are formed, the
plurality of first active structures being arranged at
intervals 1n the insulation structure:

forming a word line conductive layer on the substrate by

a physical vapor deposition process, wherein a top
surface of the word line conductive layer 1s higher than
top surfaces of the first active structures;
patterning and etching the word line conductive layer to
obtain a plurality of word line structures arranged in
parallel and at intervals and filling slots located
between adjacent word line structures, wherein the
filling slots comprise first filling slots that expose both
parts of top surfaces of the first active structures and
parts of the top surface of the insulation structure;

forming second active structures that extend Irom
exposed top surfaces of the first active structures to the
top surfaces of the word line structures in the first filling
slots; and

forming 1solation structures that extend from exposed top

surface of the insulation structure to the top surfaces of
the word line structures in the first filling slots.

2. The method of claim 1, wherein a bottom surface,
which 1s located on the top surface of the insulation struc-
ture, of the word line conductive layer 1s lower than the top
surfaces of the first active structures, and the operation of
providing the substrate comprises:

providing the substrate, on which an insulation layer is

formed;
patterning and etching the insulation layer to obtain the
insulation structure and a plurality of active trenches
arranged at intervals in the msulation structure; and

filling the active trenches to form the first active structures
of which the top surfaces are higher than the top surface
of the isulation structure.

3. The method of claim 2, wherein the active trenches
expose an upper surface of the substrate, and wherein the
operation of filling the active trenches to form the first active
structures of which the top surfaces are higher than the top
surface of the insulation structure comprises:

forming the first active structures 1n the active trenches by

an epitaxial process.

4. The method of claim 1, wherein the operation of
forming the word line conductive layer on the substrate
COmprises:

forming a first inter-gate msulation layer on the substrate,

wherein the first inter-gate insulation layer covers the
top surfaces of the first active structures and the top
surface of the insulation structure:

forming a first conductive layer on a top surface of the

first inter-gate nsulation layer; and

forming a second conductive layer on a top surface of the

first conductive layer;

wherein the first inter-gate msulation layer, the first con-

ductive layer and the second conductive layer form the
word line conductive layer.

5. The method of claim 4, wherein the operation of
patterning and etching the word line conductive layer to
obtain the plurality of word line structures arranged 1in
parallel and at intervals comprises:

patterning and etching the second conductive layer, the

first conductive layer and the first inter-gate imsulation
layer, to obtain the word line structures each compris-
ing a second conductive structure, a first conductive
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structure and a first inter-gate isulation structure that
are successively superposed.

6. The method of claim 5, wherein the second conductive
structure comprises a tungsten conductive structure, the first
conductive structure comprises a titanium nitride structure,
and the first inter-gate insulation structure comprises a
silicon oxide structure.

7. The method of claim 5, further comprising: after the
word line structures each comprising the second conductive
structure, the first conductive structure and the first inter-
gate insulation structure that are successively superposed are
obtained,

successively forming a third conductive structure and a

second 1nter-gate insulation structure on side walls of
each word line structure;

wherein a extending direction of the third conductive

structure and a extending direction of the second inter-
gate insulation structure are the same as that of the
word line structure, a height of the third conductive
structure and a height of the second inter-gate insula-
tion structure are equal to a distance between a bottom
surface of the word line structure and a top surface of
the word line structure, and a gate word line of the
memory device comprises the word line structure, the
third conductive structure and the second inter-gate
insulation structure.

8. The method of claim 7, wherein the third conductive
structure comprises a titanium mitride structure, the second
inter-gate insulation structure a silicon oxide structure, the
word line structures comprise embedding word line struc-
ture, top surfaces of the second active structures and top
surfaces of the isolation structures are higher the top sur-
taces of the word line structures.

9. The method of claim 7, wherein the first inter-gate
insulation structure and the second inter-gate insulation
structure together form a gate dielectric structure of the
memory device.

10. The method of claim 4, wherein the operation of
forming the second conductive layer on the first conductive
layer comprises:

forming a second conductive layer material on the first

conductive layer; and

flattening the second conductive layer material to obtain

the second conductive layer.
11. The method of claim 1, wherein the first active
structures and the second active structures together form
active areas of the memory device, and the i1solation struc-
tures and the 1nsulation structure together form Slot Trench
Isolation (STI) structures between the active areas.
12. The method of claim 1, wherein the filling slots further
comprise second {filling slots that expose parts of the top
surfaces of the first active structures:
while the second active structures that extend from the
exposed top surtaces of the first active structures to the
top surtaces of the word line structures are formed 1n
the first filling slots, the method further comprises:

forming third active structures that extend from exposed
top surfaces of the first active structures to the top
surfaces of the word line structures in the second filling
slots;

wherein the first active structures, the second active

structures and the third active structures together form
active areas of the memory device.

13. The method of claim 12, wherein the operation of
forming the third active structures that extend from the
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exposed top surfaces of the first active structures to the top
surfaces of the word line structures 1n the second filling slots
COmprises:

forming the third active structures that extend from the
exposed top surfaces of the first active structures to the
top surfaces of the word line structures in the second
filling slots by a epitaxial process.

14. The method of claim 1, wherein the operation of
forming the second active structures that extend from the
exposed top surfaces of the first active structures to the top
surfaces of the word line structures 1n the first filling slots
COmMprises:

forming the second active structures that extend from the
exposed top surtaces of the first active structures to the
top surfaces of the word line structures 1n the first filling
slots by a epitaxial process.

15. A memory device, comprising:

a substrate;

an 1nsulation structure and a plurality of first active
structures located on the substrate, the plurality of first
active structures being arranged at intervals in the
insulation structure;

a word line conductive layer, located on the substrate,
formed through a physical vapor deposition process,
wherein a top surface of the word line conductive layer
1s higher than top surfaces of the plurality of first active
structures;

a plurality of word line structures, the plurality of word
line structures being formed through patterming and
etching the word line conductive layer, the plurality of
word line structures being arranged in parallel and at
intervals and filling slots located between adjacent
word line structures, wherein the filling slots comprise
first filling slots that expose both parts of the top
surfaces of the plurality of first active structures and
parts of a top surface of the insulation structure;

second active structures located 1n the first filling slots, the
second active structures extending from exposed top
surfaces of the plurality of first active structures to top
surfaces of the plurality of word line structures in the
first filling slots; and

1solation structures located in the first filling slots, the
isolation structures extending from an exposed top
surface of the msulation structure to the top surfaces of
the plurality of word line structures in the first filling
slots.

16. The memory device of claim 15, wherein a bottom
surface, which 1s located on the top surface of the isulation
structure, of a word line structure i1s lower than the top
surfaces of the plurality of first active structures.

17. The memory device of claim 15, wherein each word
line structure comprises:

a first inter-gate insulation structure on a {first active

structure;

a first conductive structure on a top surface of the first
inter-gate insulation structure; and

a second conductive structure on a top surtace of the first
conductive structure.

18. The memory device of claim 17, wherein the second
conductive structure comprises a tungsten conductive struc-
ture, the first conductive structure comprises a titanium
nitride structure, and the first inter-gate insulation structure
comprises a silicon oxide structure.

19. The memory device of claim 15, further comprising:

a third conductive structure and a second inter-gate insu-
lation structure on side walls of each word line struc-
fure,
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wherein an extending direction of the third conductive
structure and an extending direction of the second
inter-gate insulation structure are the same as that of the
word line structure, a height of the third conductive
structure and a height of the second inter-gate insula- 5
tion structure are equal to a distance between a bottom
surface of the word line structure and a top surface of
the word line structure, and a gate word line of the
memory device comprises the word line structure, the
third conductive structure and the second inter-gate 10
insulation structure.

20. The memory device of claim 15, wherein the filling
slots further comprise second filling slots that expose second
parts of the top surfaces of the plurality of first active
structures, and the memory device further comprises: 15

third active structures in the second filling slots, the third

active structures extend from exposed top surfaces of
the plurality of first active structures to the top surfaces

of the plurality of word line structures in the second
filling slots, wherein the plurality of first active struc- 20
tures, the second active structures and the third active
structures together form active areas of the memory
device.
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